PCT 


WORLD INTELLECTUAL PROPERTY ORGANIZATION 
international Bureau 



INTERNATION AL APPLICATION PUBLISHED UND ER THE PATENT COOPERATION TREATY fPCT) 


(51) International Patent Classification 7 : 
A61F 2/01 



(30) Priority Data: 

09/256,865 


24 February 1999 (24.02.99) US 


(71) Applicant: SCIMED LIFE SYSTEMS, INC. [US/US]* One 
SciMcd Place, Maple Grove. MN* 5531 1 (US). 

(72) Inventors: DANIEL, John; 12705 48th Avenue North Ply- 
mouth. MN 55442 (US). LOWE. Brian. J.; 232 Satel- 
lite Lane Northeast, Fridley, MN 55432 (US) CASSELL 
Robert; 14398 91st Street Northeast. Otsego. MN 55330 
(US). SLAKER, Bradley, F.; 5310 Salem Lane, Greenfield 
MN 55357 (US). ARNOLD, John, E., Jr.; 2714 West 55th* 
Street, Minneapolis, MN 55410 (US). BROOME. Thomas 
E.; 511 Sunnyside Lane. Hopkins, MN 55343 (US). 

(74) Agents: SEAGER, Glenn, M. et a!.; Crompton. Seager & Tufte 

\msSm$!i* 1 SeC ° nd Avenue South ' lCfinneapo!is; 


(54) Title: INTRAVASCULAR FILTER AND METHOD 


(81) Designated States: CA. JP. European patent (AT BE CH CY 
DE, DK. ES. FI, FR. GB, GR, IE, IT. LU. MC,' NU PT.' 
SE). 


Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. ' 



(57) Abstract 


rron, Tnfc^ *e filter*, and reding fc fiIter 

filter therein. Tne housing has an atraumatic distal end" * ^ nangC - * Ca,heterS include a housin S f °' 

receiving the 


AL 

AM 

AT 

AU 

AZ 

BA 

BB 

BE 

BF 

BG 

BJ 

BR 

BV 

CA 

CF 

CC 

CH 

CI 

CM 

CN 

cu 
cz 

DE 
DK 
EE 


Codes used to identify 

Albania 

Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

Central African Republic 

Congo 

Switzerland 

Cote d' I voire 

Cameroon 

China 

Cuba 

Czech Republic 
Germany 
Denmark 
Estonia 


FOR THE PURPOSES OF INFORMATION ONLY 
States party to the PCT on the from , 


ES 

FI 

FR 

CA 

GB 

GE 

CH 

G.N 

GR 

HU 

IE 

IL 

IS 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

LC 

LI 

LK 

LR 


Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzsian 

Democratic People's 

Republic of Korea 

Republic of Korea 

KazaJcstan 

Saint Lucia 

Liechtenstein 

Sri Lanica 

Liberia 


pages of pamphlets publishing international a PP ! 


LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 

ML 


Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 


MN 

Mongolia 

MR 

Mauritania 

MW 

Malawi 

MX 

Mc* ico 

NE 

Niger 

NL 

Netherlands 

NO 

Norway 

NZ 

New Zealand 

PL 

Poland 

PT 

Portugal 

RO 

Romania 

RU 

Russian Federation 

SO 

Sudan 

SE 

Sweden 

SG 

Singapore 


SI 
SK 
SN 

sz 

TD 

TG 

TJ 

TM 

TR 

TT 

UA 

UC 

US 

UZ 

VN 

YU 

ZW 


ications under the PCT. 


Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 


WO 00/49970 

PCT/USOO/04975 

INTRAVASCULAR FILTER AND METHOD 

Related Ap plirafinnc 

This application is related to U.S. Patent Application Serial No. 
08/813,794, entitled "Distal Protection Device" and U.S. Patent Application Serial 
No. 09/035,740, entitled "Distal Protection Dev 1C e and Method", both of which 
are incorporated herein by reference. 

Background of the Invention 
The present invention relates to the field of minimally invasive, 
percutaneous procedures such as angioplasty. In particular, the invention relates 
to a distal filter for use during such a procedure. 

Angioplasty, atherectomy and stent placement, among other procedures, 
have become well accepted for treatment of coronary lesions. These procedures 
are often performed as an alternative to coronary bypass. It is also possible, 
however, that a saphenous vein graft, which is used to bypass coronary lesions, 
may itself develop a lesion. These lesions may also be treated by minimally 
invasive procedures such as angioplasty, atherectomy and/or stent placement. 

When lesions are treated by these minimally invasive, percutaneous 
methods, it is possible that particles of plaque, thrombus or other material may 
break loose from the lesion and dnft distally into the smaller coronary artenes. 
When these minimally invasive methods are performed on native artenes, the 
plaque or thrombus released dunng the procedure rarely cause embolization. 
When these procedures are performed on saphenous vein grafts, however, the 
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■ncdence of embolism due «o «he breaking off of plaque or thrombus from the 
vein graft is substantia^ greater than from native arteries. 

The increased tncidence of embolization is behoved to be due, a, leas, in 
pat,, to the larger diameter of the bypass graft re.attve to the native arterv. The 
larger diameter of the graft results in a slower blood flow velocity through the 
graft than the native artery. ,„ addition, the p ,a q „e a„ d throrabus of vej „ ^ b 
somewhat more fragile than that found in native arteries. 

As the difference in embolism associated with treatment of native arteries 
and vein grafts has been noted, i, would be desirable to develop technic to 
reduce embolism associated with treatment of vein graft lesions. Additionally 
-here sten, placemen, ot other minimaily invasive treatments are performed on 
the carotid anery, wou,d be desirab.e to limi, the dnft of plaque and thrombus 
toward the brain. 


Summary of rh» farm. inn 
The present invention pCTtams l0 . intravasculi , r ^ for ^ ^ 
minima,,, invasive percutaneous procedures. The f.her is preferably placj 
distaily, within t he blood stream, of the she of the mterventiona, p ro cedure. The 
filter may be used ,o Hlter plaque, thrombus and other debris released into the 
blood stream during mi „ imally im , asive ^ ^ 

A Alter assembly in accordance with the present invention includes a 
catheter including an elongate shaft having a proximal end ard a distal end. A 
housing is disposed a, the distal end of the shaft. The housing itself has a distal 
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end. An elongate wire extends at least in part through the catheter. The wire has 
a proximal end and a distal end. A filter is connected to the wire proximate the 
distal end of the wire. The filter, during delivery and retrieval from its 
deployment site is preferably at least, in part, disposed within the housing. 

By retracting the catheter relative to the filter, the filter emerges from 
within the housing to a position outside the housing for deployment of the filter. 
When the filter is disposed outside the housing, the filter can be drawn into the 
housing by pushing the housing over the filter. It is preferable, however, to 
retrieve the filter with a different catheter having a housing having a larger inside 
diameter than the housing of the catheter used to deliver the filter. 

It is preferable that the distal end of the housing be atraumatic. This can 
be accomplished by using a soft atraumatic material for the filter distal end. 
Additionally, if the catheter is a delivery catheter, the distal end can also be 
tapered by heat shrinking the distal end of the housing around a portion of the 
filter. The filter itself can also be slightly wider than the distal end of the housin» 
such that the filter acts as an atraumatic distal end of the filter assembly. The 
distal end of the housing can also be rounded inwardly toward the filter. In yet 
another embodiment, the distal end of the housing can include an elastomeric 
sheath which tapers distally. In still another embodiment of the filter assembly, a 
collapsible shell can be connected to the wire. The shell is preferably disposed 
substantially distally of the filter. The wire can include a spring tip. 

Where the catheter is a retrieval catheter, a housing atraumatic tip insert 
can be disposed within the housing and extend distally therefrom while the filter 
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- Posted outside the hoasing. The insen P refe ra b, y , apER ^ ^ 
embodiment, the hisert can be re,easab, y connect ,„ tne distal end of fc 
Kousing. mapped embcdtaenuhei^ incudes a bafloo, ,„ y e, another 
ambodiment, the inS en inCudes a flap which extends ,_ ly over the dis|a , 
- of -he housing. When ,he fl te is ^ m iMo ^ ^ ^ ^ 
drawn proximally into the housing as well. 

The e.o„ sa ,e shaft of ,he fiher assemb, y can have an elo»ga«e wire iutnen 
™n,„g through its iength. ,„ such a co„fl g u ra „„ n , Ihe cathe , er cm ^ 

an over-lhe-wire catheter. The auhnrr ... u 

catheter can be convened to a single operator 

exchange catheter bv dividing the shaf, ,„,„ . 

■n = tne shaft ,„«, tw0 or more e|ongaR , ^ 

-ney can be uncoupied or coupied as thev are being withdrawn or advanced over 
•he wire. The cou pl i„ g could , nclude . bayone , ^ ^ g ^ ^ ^ 

exantpie. As an ahemative , 0 !he coupllng , fe ^ ^ ^ ^ ^ 

-g,e operator exchange b y provtdtng a teiescoping or coflapsibie ponton The 

ahetnate embodttnent, the catheter can i ncludc longitudina| ^ ^ ^ rf 
the catheter from the wire. 

- expandabie fram e and fi, ter membran , The frame ^ ^ a ^ 
a„ov. The ntentbrane pre fe,ab, y sunounds a ponion of the wtre and is 
-flgnred ,o taper dis»„ y . The tnetnbrane preferab, y inCudes po Iy ure,nane and 
defines a pl ura,i, y „f aperturcs . 0 „ ce ^ ^ . ^ ^ ^ ^ ^ 
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be treated, the wire can be used as a guidewire for advancing angioplasty, 
atherectomy, or other devices thereover. 


Brief Description »f tne Drawing .; 
Figure 1 is a partial cross sectional side view of a delivery catheter and 
filter in accordance with the present invention; 

Figure 2 is a partial cross sectional view of the catheter and filter of Figure 
1 wherein the filter is advanced distally from the catheter; 

Figure 3 is a view of a shaft of a catheter in accordance with the present 
invention including a collapsible portion; 

Figure 4 is a view of the shaft of Figure 3 wherein the collapsible portion 
is collapsed; 

Figure 5 is a view of an alternate embodiment of the filter in accordance 
with the present invention; 

Figure 6 is a cross sectional view of the filter of Figure 5; 

Figure 7 is a side view of the filter of Figure 5 disposed within a delivery 
catheter; 

Figure 8 is a side view of the catheter and filter of Figure 7 rotated 90° 
about the longitudinal axis thereof; 

Figure 9 is an alternate embodiment of a delivery catheter housing; 
Figure 10 is a distal end view of the housing of Figure 9; 

Figure 1 1 is yet another alternate embodiment of the delivery catheter 
housing; 
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F.gure 12 is ya moIher a „ EmaK embodjmem of ^ ^ ^ 
housing; 

Figure ,3 is ve, ^he, alleraa , e rf ^ ^ ^ 

housing; 

Figure .4 is „ a„ other altemate rf ^ ^ ^ 

housing; 

F.gure 15,3 3 v iew of . alIerna!e rf , ^ & f ^ ^ 

ca.he.er ,„ accordance u,„ «, e presau ^ ^ , ^ ^ 

over the distal end of the housing; 

Figure 1 6 shows the shell in a collapsed position; 

a tip insert and filter; 

Figure 1 8 is . view of ,he fiker engaging the tip insm of Rgure , 

Figure ,9 is a view of ,he insert and fi, ter of Figure ,7 „ ithdrawn ' imt> ^ 
catheter; 

Figure 20 is a panial cross S£cliona| vfew ^ ^ ^ 
remeval ca.he.er. filter and re.rieval cathe.er insen; 

Figure 2, is a view of ,he ahema.e embodiment of the tnser, of Figure 20 
partially withdrawn into the catheter. 

F«»c 22 is a partial cross secttona. v,ew of an altemate embodnnent of a 
retneval catheter, filter and retrieval catheter insert; 

Figure 23 is a part,, cross sectiona, view of an alternate etnbodttnent of a 
retneval catheter, filter and retneval catheter insert; 
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Figure 24 is a view of a manifold for use with the embodiment of the 
retrieval catheter of Figure 23; 

Figure 25 is a cross sectional view of the manifold of Figure 24 wherein 
the wire has been drawn proximally to withdraw the filter into the housing; and 

Figure 26 is a cross sectional view of an alternate manifold in accordance 
with the present invention. 

Detailed Description of the Inv^.inn 
Referring now to the drawings wherein like reference numerals refer to 
like elements throughout the several views. Figure 1 is a partial cross sectional, 
side view of a filter assembly 10 in accordance with the present invention. Filter 
assembly 10 includes a delivery catheter 12. Delivery catheter 12 can include a 
proximal section 14 coupled to a distal section 16. Disposed at the distal end of 
catheter 12 is a filter housing 18. Filter housing 18 has a distal end 20. As known 
to those skilled in the art, a manifold having guide wire and side ports can be 
disposed at the proximal end of catheter 12. 

Catheter 12 preferably defines a lumen 19 extending therethrough. In the 
region of housing 1 8, lumen 1 9 preferably has a diameter of between 2F to 5F and 
more preferably, between 3F to 4F and most preferably, about 3F. The diameter 
of lumen 19 in shaft sections 14 and 16 is preferably between 2F and 5F and most 
preferably, about 2F. 

The length of the delivery catheter is preferably sufficient to reach a 
treatment site in a coronary artery or graft from a femoral approach. It can be 
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appreciated, however, that if an alternate approach such as a hrachta, approach is 
raken, or an alternative target site is desired, th e length of ,he catheter should be 
appropriate to the specific use. 

The catheter can be manufactured from any of the appropriate 
biocompatible materials from which one skilled in the an would be aware. Shaft 
pontons ,4 and ,6 should be ntade from a materia, sufficient* rigid, ye, flexible 
to be advanced through a tortuous path ,o a targe, si.e. Marker bands can he 
placed on catheler 12 to guide the placemen, of filter 21. 

Disposed and compressed within catheter 10 is a filter 21. Filter 21 
includes a membrane 22 d.sposed in a generally cornea, arrangement. Membrane 
22 defines a p,urali,y of apenures 23 extendmg therethrough. Filter 2, also 
includes a frame 2, which preferably is fomied ftoni . ^ ^ ^ ^ 
transverse cross section through housing ,8 has a genera|Iy circu|ar ^ ^ 
The collapsed diameter of frame 24 ,s preferably about the same but less than the 
inside diameter of lumen ,9 a, housing ,8. The ,en gt h of membrane 22 between 
name 24 and wire 26 is preferably between about 5 mm and 50 mn, and more 
preferably between ,0 mm and 30 mm, and most preferably approxtmately 20 
mm. Filter membrane 22 is adhered to zigzag frarae member 24 by , ^ 
casting method, wherein the liquid membrane polymer is dtpped over the zigzag 
frame and allowed to cure and solidify. 

Filter 21, including membrane 22 and frame 24 are attached ,o a wire 26 
which extends the length of catheter ,2. The proximal end of filter 2, is 
connected to wire 26 by two or more tails 28 extending from frame 24 ,o a stop 
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29. Stop 29 can be a clamp or wire winding, solder or other connector. At the 
distal end of filter 21, membrane 22 may be adhered to wire 26 by a suitable 
adhesive such as, for example, cyanoacrylaies. A coil tip 30 such as one known 
to those skilled in the art is preferably disposed at the distal end of wire 26. 

Wire 26 is preferably formed from stainless steel, NiTi alloy and/or other 
suitable biocompatible materials known to those skilled in the art of guidewire 
construction. Wire 26 can also include a radiopaque marker band or plating to aid 
in the placement of filter 2 1 . Frame 24 and tails 28 are preferably formed from an 
NiTi alloy such as Nitinol, but can comprise stainless steel or other suitable 
materials. Frame 24 is preferably heat set to expand to the configuration shown in 
Figure 2 when exposed to approximately body temperature. 

Membrane 22 of filter 21 preferably has a thickness of between 25 
microns and 100 microns and most preferably about 40 microns. The filter is 
preferably formed from polyurethane or other biocompatible material such as, for 
example, polyesters or silicones. The filter can be coated with various coatings to 
impart various functional performance characteristics, one example being a 
thrombus res.stant coating such as Heparin to discourage clot formation on filter 
21. Apertures 23 can be drilled in a precise pattern using excimer laser or other 
ablation techniques or by mechanical techniques. 

The size of apertures 23 can vary along the length of filter 21 for example, 
larger apertures may be placed more proximally and smaller apertures more 
distally or vice versa. The size of the apertures may transition gradually or 
abruptly in a proximal or distal direction. The apertures shape can vary from 
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circus shaped ,o rec,angu,ar, square , ^ ^ ^ ^ ^ a 

circute aperture may hava a diame.er of, for example, ,00 microns whereas a sli, 
may hava a widrh of ,00 microns and a ,eng,„ of 300 microns. Tha edges of ,he 
apertures can be mechanical* or chemically chamfered, etched or polished ,o 
provide a smooth and rounded shoulder to srreamhne the passage of Wood from 
wiftin the conical shape portion of the fiber ,o outside of ,he filter. To limit 
thromous formaiion. ,he apertures size and design should he such ma, the shear 
forces ma, blood componenis are exposed ,„ are appropria,e while blood is 
passmg .hrough ,he fiber. Thus, aperture sizes should be se,ec,ed ,o Umi, 
s,agna,io„ and re-circu.a.ion of blood in and mmi the filler whj , e ^ ^ ^ 


use. 


Ca,he,er ,2 can be formed in ,wo or more sections such as proximal 
section ,4 and d,s,a, secon ,6. These sections can be releasably coupled 
■ogemer by way of a bayone, couplmg 32 having a male portion 34 and female 
portion 35. Al.ema.ely, a .hreaded coupling could be used. As wil, be explained 
in more de.a.l below by provid.ng .he ability ,o separa,e ca,he,er ,2 m,o several 
sections, cameter 1 2 can be used as a single opera.or exchange device. 

In use, assembly ,0 is advanced ,„ a ,rea,men, she such as a coronary 
saphenous vein bypass graft by way of, for example, a femoral approach such ma, 
housing ,8 and fifter 21 ,s disposed dis,a„y of a lesion ,o be ,rea,ed. Came.er ,2 
is men wfthdrawn d,s.a„y such , hat filter , , ca „ expand ^ ^ ^ ^ 
,he arrows in figure 2. fiber 2, should be allowed ,„ expand such ma, i. 
subs,an,ially .raverses .he cross sectional area of ,he vessel. 
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If catheter 12 is divided into sections such as section 14 and 16, catheter 
12 can be completely removed from the body over a wire 26 having a standard 
guidewire length of about 180 cm for a femoral approach to a coronary artery or 
graft. First proximal section 14 is backed out of the body while holding the 
proximal end of wire 26 as coupling 32 emerges from the body. Section 14 is 
uncoupled from section 16 exposing wire 26 therebetween. Wire 26 disposed 
between section 14 and 16 can then be grasped and section 14 removed 
proximally from wire 26. Section 16 and housing 18 can subsequently be 
removed proximally from wire 26. The length of sections 14 and 16 and the 
length of wire 26 are preferably such that a phys,cian can at all times dunng 
removal of catheter 12 grasp a portion of wire 26 disposed outside of the patient's 
body. It should be understood, however, that catheter 12 need not be a single 
operator exchange catheter but rather can be an over-the-w ire catheter or other 
type as known to those skilled in the art. 

Once catheter 12 has been removed from wire 26, wire 26 can be used as a 
guidewire for advancing surgical instruments thereover. For example, an 
angioplasty balloon could be advanced over w.re 26 to a location just proximal of 
filter 21. While filter 21 is deployed, angioplasty can be performed. Plaque and 
thrombus dislodged by the procedure will then drift distally into filter 21. It is 
anticipated that other procedures will be preformed ,n this way including, for 
example, atherectomy and stent placement. 

Figure 3 is a side view of an alternate catheter 1 12 having a proximal shaft 
section 114 and a distal shaft section 116. Proximal shaft section 114 is 
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When carherer , ,2 „ , ithdrawn in ^ ^ ^ ^ ^ ^ ^ 
rcspec, ,o carherer ,2. As proxima, shaft pon , on „, . 

braided sechon ,32 wi„ he exposed o U ,si d e of lhe body ; ^ ^ ^ ^ 
to he advanced p roxm a t e ly re,anve ,„ p roximal sectjo „ , „ „ ^ ^ 
4. Bra.ded seoon ,32 can men bt co , lapsed , 0 ^ ^ ^ ^ ^ 

c— , ,2. The ^ of S ec„o„s , ,4, , ,a and ,32 re ,a,ive ,„ wire 26 s„ou,d 
catheter 1 12. 

Figure 5 is a side vrew of an a,,ema,e finer ,2, in accordance whh ,he 
presen, invention. Like fi lter 21 , filter m , ^ ^ ^ 

P.ura„, y of aperrares ,23. Ffc , 21 also includK , ^ ^ ^ ^ ^ 

Ponion of „,emhr a „e ,22 sun - oundmg Wlre 26 . „„„ ,„ ^ ^ § 

S*»era lly c y ,i„ dncal pornon „hic„ a , to proxlnla , end „ coimected ^ § ^ 

Tafia ,28 are arrached ,„ . ire26 . slop 29 ^ . ^ ^ ^ 

■24 bv a so,ve„, casfing merhofi as cxplained prev , ous , y ^ ^ ^ ^ ^ 
A oanoacryia.e or epox.v adhesive can be used „ ^ ^ ^ ^ ^ ^ 
HI .o wrre 2a. The rr,a,ena,s of consrrncfion for fire fifier can b e se,ec,e d from 

formed from NiTi a„„ y s such as Nifino, an d membrane 122 can be ^ ^ 
pofvarerhane and .rea.ed and c ut as described wi, h respect ,o membrane 22 above 
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Figure 6 is a cross sectional view of filter 122 taken from Figure 5. As 
shown in both Figures 5 and 6, filter 121 is in an expanded position. As can be 
seen in Figure 6, spaced at approximately 90° around frame 124 are for bending 
set points 125. Frame 124 can be bent at these points as described in more detail 
below to collapse filter 121 for delivery. Preferably, frame 124 is heat set to 
assume the expanded configuration shown in Figures 5 and 6 when exposed to 
approximately body temperature. The number of set points 125 and tails 128 can 
vary without deviating from the scope of the present invention. 

Figure 7 is a side view of filter 121 disposed in delivery catheter housing 
18. Shown in Figure 7, bending set points 125 adjacent tails 128 are disposed 
maximally of the other two bending set points 125. Figure 8 is a cross sectional 
view of housing IS and filter 121 rotated 90° about the longitudinal axis of wire 
26 from the view shown in Figure 7. By reference to both the views of Figure 7 
and Figure 8, it can be appreciated that frame 124 bends proximally at the 
bending set points 125 connected to tails 128 and distally at the more distally 
disposed bending set points 125. 

Figures 9-16 show various housing configurations described in the context 
of a delivery catheter. It can be appreciated by those skilled in the art that one ■ 
more of these housing configurations could be used for a retrieval catheter 


or 
as 


well. 


g an 


Figure 9 is a cross sectional view of an alternate housing 118 havin 
atraumatic distal portion 140 which tapers distally over filter 21 to a distal tip 120. 
Figure 10 is an end view of housing 118 of Figure 9 showing a longitudinal slit 
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144 extending proxima.ly from dista. end 120. Tapered portion 140 is preferably 
disposed over filter 120 and then heat shrunk around filter 21. Those skilled in 
the art will appreciate that heat shrink matenal such as. for example, Teflon® 
would be suitable for forming taper portion 140. 

Once housing 1 18 and filter 21 are positioned distally to the treatment site, 
filter 21 can be deployed by withdrawing housing 118 proximally. Slit 144 will 
allow portion 140 to open or unwrap as portion 140 is drawn proximally over 
filter 21. Slit 144 as shown in Figure 10 only extends through tapered portion 
140, however, a slit could extend to the proximal end of catheter 112. Those 
skilled in the art will appreciate that such a slit could be advantageously used to 
remove catheter 1 1 2 from a standard length wire 26. 

Figure 1 1 is a cross sectional view of an alternate housing 218 having a 
distal end 220. The diameter of housing 218 has been set such that a portion 246 
of filter 21 extends transversely over distal end 220 of housing 218. This 

provides a smooth atraumatic profile for advancement of housing 218 and filter 
21. 

Figure 12 is a cross section of yet an alternate embodiment of a housino 
318 having a distal end 320 and a distal portion 340 curving Uansventely i„ ward 
toward fiiter 21. The eurve of distal portion 340 provides a desirably atraumatic 
profile foradvancement of housing 31S and filte,2l to a treatment site. 

Figure 13 is a cross sectional view of yet another embodiment of a 
housing 418. Housing 418 tncludes an elaslometic lapered portion 440. Tapered 
portton 440 of housing 4,8 has a dislal end 420. Tapered portion 440 presents a 
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desirable atraumatic profile for advancement of housing 418 and filter 21 to a 
treatment site. Once filter 21 and housing 418 are advanced distally of a 
treatment site, housing 418 can be withdrawn proximally from filter 21. As 
housing 41 S is withdrawn proximately, elastomeric portion 440 stretches 
transversely such that filter 21 can exit distally from an opening at distal end 420. 

Figure 14 is a cross sectional view of yet alternate embodiment of a 
housing 5 IS having a distal end 520. Housing 518 is substantially similar to 
housing 18, except that a highly flexible distal portion 540 is disposed at distal 
end 520. Highly flexible portion 540 can be formed from- a material such as, for 
example, silicone rubber. 

Figure 1 5 is a cross sectional view of yet an alternate embodiment of a 
housing 618 having a distal end 620. A filter 21 is disposed therein. Filer 21 is 
placed on a wire 626 which extends sufficiently beyond the distal end of filter 21 
and distal end 620 of housing 618 to allow a generally conical, elastomeric shell 
640 to be placed over distal end 620 while being connected to wire 626. The 
generally conically shaped shell 640 provides a desirably tapered distal profile for 
advancement of housing 618 and filter 21 to a treatment site. Elastomeric shell 
640 can be formed from a biocompatible material such as, for example, 
polyurethane or silicone rubber. 

As can be seen in Figure 16, as housing 618 is withdrawn proximally 
from filter 21, elastomeric shell 640 will collapse around wire 626. It can be 
appreciated that the amount of elastic rebound, or the extent to which shell 640 
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coUapses around wire 626 „ . ^ rf fte ^ ^ ^ ^ ^ 
material. 

Figure 1 7 is a cross sectional view of . retrieval caIheIer 50 advanced on 

to wire 26 of a deDloved filter ?i a 

epioyed iUter 21. A retrieval catheter, such as catheter 50, is 

advanced to the treatment site to retrieve a filter 

"eve a niter 21 after an interventional 

procedure has been completed or the filter is n0 longer „ eed5d . 

Catheter 50 has a housing 52 defining an inner lumen 53. Catheter 50 
preferably has a shaft portion substantia , m i,ar ,o the embodiments described 

descnbcd above could be used ,o retrieve deployed fifter 21, i, , s desirab|e tha , , 
retneva, catheter for fiber 2, havc ^ a „ ^ ^ ^ ^ ^ ^ 

for receiving a deployed filter ?i tu, • i 

p oyeo inter 2 1 . Thai ,s. lumen 53 preferably has a diameter 

greater than lumen „ 0 f housin „ The ^ ^ rf ^ ^ ^ 

preferably between 3F and 7F and more preferably between 4F and «F and, most 
preferably about 5F. Housmg 52 has a distal end 57. ' 

A tapered msen 58 is d.soosed a, dista, end 57. Tapered insert 58 includes 
two scssor-like elements 60 and 62 which generally laper in a distal d , rec , ion 

Csposed a, the proxima, end of elements 60 and 62, respechvely, „ ^ tabs 
64 aod 66 dtsposed within an insm receivi „ g ^ 56 ^ ^ ^ 

« defining . stop receiving ^ ^ ^ ^ ^ ^ ^ 

be made from biocompatible matenals known to those sktlled in the art of 
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catheter construction. Those materials include, among others those discussed 
above with respect to catheter 12. 

Figure 18 is a view of catheter 50 and filter 21 of Figure 17, wherein filter 
21 has been withdrawn proximally such that stop 29 has engaged insert 58. As 
can be seen in Figure 18, stop 29 has engaged surfaces 68 and 70 of insert 58, 
elements 60 and 62 are pivoted about pivot connector 61 in the direction shown 
by the arrows. This has allowed tabs 64 and 66 to be displaced from insert 
receiving groove 56. It has thus been possible for insert 58, as well as filter 21, to 
have been moved proximally 

Figure 19 is yet another cross sectional view of catheter 50 and filter 21, 
wherein filter 21 has been partially collapsed and withdrawn into housing 52. 
Tabs 64 and 66 of insert 58 are engag.ng a stop ring 54 to limit further proximal 
movement of filter 21 relative to housing 52. In the configuration shown in 
Figure 19, housing 52 and filter 21 can be withdrawn from a patient's body 
proximally. 

Figure 20 is a cross sectional view of an alternate embodiment of a 
retrieval catheter 150. Retneval catheter 150 includes a retrieval housing 152 and 
shaft 151. Housing 152 defines a retneval lumen 153, and has a distal end 157. 
Catheter 150 is preferably made from materials the same or similar as those used 
to make catheter 50. Lumen 153 is also preferably sized similarly to lumen 53. 

Disposed within catheter 150 is an insert catheter 172. Insert catheter 172 
extends proximally from the proximal end of catheter 150 and is longitudinally 
slidabie therein. Insert catheter 172 includes a shaft 174 having a transversely 
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en^ed portion ,76. Portion ,76 p rcferably ^ , ^ ^ ^ 

approxtmateiy e,ua, ,o, bu, ,ess than, the jnside diameKr „ ^ , & ^ 

.74a„d portion wire receiving lumen ,78. P„ nion , 76 . a, shown in 

Figure 20, extends distally of disial <™i in „<•■. 

yototstal end la? of housrng 1 52 and includes a tapered 

potion ,80 tapering ,„ a disra, end ,8,. A ahead, ,82 extends ptoxtmally ftom 
^ portton ,80 over and around dista, end ,57 of houstng ,52 to present a 
smooth tapered dista, profile. An ahemate embodtnten, of catherer ,72 could be 
made without sheath 182. 

One skilled in lhe art would appreciate the biocompatible materials 
avai,ab,e for construction of insert ,72. Tapered portion ,80 should be formed 
front materia, which is relatively soft and atraumatic. Sheath ,82 is preferab,v 
formed ftom a reladvely flexible biocompa.tb.e materia,, which is sufficiently 
flexible to deform as described in more detail below. 

F,gure2, ts a view of catheter ,50 and filter 2, of Figure 20, wherein 
filter 2, and inset, ,78 have been moved proximally such tha, sheath ,82 has 
deflected ,„ a distal direction. To complete the withdrawal of fi.ter 21 ftom the 
vesse,. insert ,72 M d filter 2, are moved proximaily until filter 21 ,s collapsed 
and substantially drawn into housing 152. 

Figure 22 is a cross sectional v.ew of an alternate embodrmen, of a 

252, substa„ tia „ y proximaHy of dista, end 257, is a distal bumper 286. D.sposed 
-ill ntore proximally is . second and proxima, bumper 288. Catheter 250 can be 
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made from materials similar to those used to construct catheter 50. The inner 
diameter of lumen 253 is preferably similar to that of lumen 53. 

Slidably disposed within lumen 253 is a housing insert 272. Insert 272 
includes an elongate portion 274 having a bumper 276 disposed at the proximal 
end thereof. At the distal end of elongate portion 274 is an atraumatic tip 278 
which is preferably formed from a soft atraumatic material adhered to elongate 
portion 274. Tip 278 preferably has a tapered end 280 extending to a distal tip 
281. Extending transversely from tip 278 is a friction ledge 282 which engages 
distal end 257 of housing 252. 

In use, when it is desired to retrieve deployed filter 21, catheter 250 is 
advanced over wire 26 until distal tip 281 engages stop 29. Catheter 250 is then 
pushed against pre SSing stop 29 and distal tip 281. The pushing force on catheter 
250 is increased until friction ledge 282 deforms allowing insert 272 to move 
proximally m housing 252. Bumpers 286 can limit the distal travel of insert 272, 
bumpers 28S limit the proximal travel of insert 272 such that filter 21 will be at 
least partially collapsed and withdrawn into housing 252 for withdrawal from the 
body. 

Figure 23 is a cross sect.onal v,ew of catheter 150 into which an alternate 
insert catheter 372 has been placed. Insert catheter 372 is similar to insert 
catheter 172 except that, rather than including a solid expanded portion 176, 
eatheter 372 includes a balloon 380 disposed at the distal end of a shaft 374. An 
inner shaft 375 extends through shaft 374 and defines an annular inflation lumen 
378 between shaft 375 and shaft 374 in fluid communicat.on with balloon 380. 
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Shaft 375 also defines a wire receiving lumen 376 BaIloon 380 incIudes , 
.apered distal ponion 3S2 which tapers to a distal end 384 sealably connected ,„ 
the distal end of shaft 375. Those skilled in the an of balloon catheter 
construction will recognize the matenals available for consmtc.ion of balloon 
catheter insert 372. 

In use, balloon 380 can be inflated and disposed at distal end 157 of 
housing 152 for advancement over wire 26. In this configuration, balloon 380 
presents a tapered atraumatic profile desirable for advancement of catheter 150 to 
filter 21. Balloon 380 can then be deflated and balloon insert catheter 1 72 can be 
advanced over filter 21. Catheter ,50 and filter 21 can then be withdrawn 
proximally from the patient's body. 

Figure 24 is a schematic, cross sectional view of a manifold for retrieval of 
a catheter ,50 and balloon insert catheter 372. Manifold 700 includes a positive 
prep port portion 702 connected to the proxtmal end of catheter ,52. The positive 

prep port portion 702 mcludes a positive oreo nort 70-, in n -a 

K c P re P P ort m fluid communication 

with lumen 153 ofshaft 15, of catheter ,50. Positive prep portion 702 preferably 
mcludes a, its distal end an interference connector 704 to connect a strain relief 
706 thereto. Positive prep port portion 702 also includes a slide stop 708. One 
skilled in the an would recogntze that manifolds can also be used for delivery 
catheters. 

Manifold 700 tncludes a balloon prep ponion 710 slidably disposed over 
positive prep pon.on 702 for longitudinal movement relative to ponion 702. 
Balloon prep ponion 710 includes a balloon pre p pon 712. Balloon insen 
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catheter shaft 374 is connected to balloon prep port portion 710. Balloon prep 
port 712 is in fluid communication with balloon inflation lumen 378. Portion 710 
also includes a stop slot 714 for receipt of stop 708 and a lumen 716 for siidable 
receipt of positive prep portion 702. A plurality of threads 717 are disposed at the 
proximal end of portion 710. 

A collet 718 is disposed in pan within portion 710 and in part between 
portion 710 and a guidewire clamp 720. Clamp 720 includes a plurality of 
threads 721 engageable with threads 717 of portion 710. Clamp 720 includes a 
guidewire prep port 722. Collet 718 can be tightened or loosened to hold 
guidewire 26 therein by threading or unthreading clamp 720 from portion 710. 
Collet 71 S is shown clamped on wire 26 in both Figures 24 and 25. 

In use, balloon 780 can be advanced to distal end 157 of catheter 150 
when portion 710 is advanced distally over positive prep portion 702 as shown in 
Figure 24, such that stop 70S is at the proximal end of stop slot 714. Balloon 708 
can inflated by way of inflation port 712. In this configuration, catheter 150 and 
insert 372 can be advanced over wire 26 to retrieve filter 21. Then collet 718 can 
be tightened to hold wire 26. Positive prep port.on 702 is then pushed distally to 
capture filter 21. This will draw filter 21 into housing 152 of Figure 23. Balloon 
380 can be deflated prior to moving positive prep portion 702 distally. Stop 708 
will be at the distal end of stop slot 714, as shown in Figure 25, after housing 152 
is moved over filter 21. Contrast media, saline or other fluids may be infused 
through positive prep port 703 as needed. Fluids could also be withdrawn through 
703, if necessary. In the above embodiments, it has been shown that filter 21 
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renins sfchona,,, whi,e ft. various housi „ g ^ ^ ^ 

- hein s advanced over the stationary ft„ er 2I , n order 10 ^ ^ 

Ketne,» s ftfter 2I into te housfag ^ § ^ ^ ^ ^ ^ 
no, prefer hecanse of „ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
dragged therein. 

Figure 26 is a cross sectiona, view of an altemale of a 

maniftnd 8 00. Manifo.d 800 inCndes . „and,e 802 „ cM „ g , ^ _ ^ 
from which »,e„ds an ,„, crf e rence COImcc , or SM „ ^ , ^ ^ 
•herco. Shaft ,5, of catheter ,50 is connected to arm 803 . „and,e 802 lncludcs 
a pro*im a , am S05. E*e„di„ s hetween pro*i ma , am 805 and ^ ^ m . f 

slide rail S07. Mounted on slide rail Rm ic , k n 

suae rail 807 ,s a balloon prep portion 810. Balloon 

prep portion 810 includes a balloon prep port 8P in fWH 

prep port 812 m fluid communication with 

810 is slidable longitudinally over rail JWn d ■ . 

Y over rail 807. Proximal arm 805 also includes a 

threadable connector portion 81 7 threadablv connected m » a ■ , 

"uiy connected to a guidewire clamp S^O 

port S22. 

■n use, haftoon 78 0 can he ad v anC ed ,o ihe d,,a, end 157 of ca,he,er ,50 
can he infta.ed by „, y of ^ ^ ^ ^ ^ ^ 
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can 


and insert 372 can be advanced over wire 26 to retrieve filter 21. Collet 818 
then be tightened to hold wire 26. Handle 802 is then pushed distally to capture 
filter 21. This will draw filter 21 into housing 152. Balloon 380 can be deflated 
pnor to moving handle 802 distally. Portion 810 will then be repositioned 
proximally adjacent arm 805. As described with respect to manifold 700, it is also 
possible to hold handle 802 stationary and move wire 26 distally to draw filter 21 
into housing 152, however, this method is not preferred because of potential 
injury to the vessel lumen wall as the filter is dragged proximally. 

Numerous characteristics and advantages of the invention covered by this 
document have been set forth in the foregoing description. It will be understood, 
however, that th.s disclosure is, in many respects, only illustrative. Changes may 
be made in details, particularly in matters of shape, size and ordering of steps 
without exceeding the scope of the invention. The invention's scope is, of course, 
defined in the language in which the appended claims are expressed. 
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What is claimed is: 

1 • A filter assembly, comprising: 

a catheter including an elongate chafr 

* eion e ate shaft having a proximal end and a distal 

end and a housing disposed at the distal end, the housing having a distal end; 

an elongate wire extending at least in pan through the catheter, the wire 
having a proximal end and a distal end; and 

a filter connected to the wire proximate the distal end of the wire, and the 
filter being disposed in a position at least in part within the hous.n* 

2- The filter in accordance with claim 1. wherein the filter is 

moveable between the position at \eav in ™~ ■ -j u . 

P at least m part inside the housing and a position 

outside the housing 


->• The filter in accordance with claim -> f„wt,~ • • 

"-c wun claim 2, further comprising a housin* 

insen d.sposed wi Ini „ lne housing a „ d ^ ^ J 

filter is in the position outside the housing 


*■ The fil,er assembiy in accordance win, claim 3. wherein rhc insert 
tapers distal ly. 


5- The filter assembly in accordance with claim 3, wherein the insert 
is releasably connected to the distal end of the housing 
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6. The filter assembly in accordance with claim 3, wherein the insert 

includes a balloon. 


7. The filter assembly in accordance with claim 6, further comprising 
a manifold disposed at the proximal end of the shaft, the manifold including a 
positive prep port, a guidewire port and balloon inflation port. 

8. The filter assembly in accordance with claim 3, wherein the insert 
includes a flap which extends transversely over the distal end of the housing. 

9. The filter assembly in accordance with claim 1. wherein the distal 
end of the housing is heat shrunk around the at least a portion of the filter. 

10. The filter assembly in accordance with claim 1, wherein a portion 
of the filter extends transversely of the distal end of the housino. 

11. The filter assembly in accordance with claim 1, wherein the distal 
end of the housing extends transversely inward toward the filter. 

12. The filter assembly in accordance with claim 1, wherein the distal 
end of the housing includes an elastomeric sheath which tapers distally. 
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13. The filter assembly in accordance with claim 1, wherein the distal 
end of the housing is atraumatic. 


14. The filter assembly i„ accordant withclaim 1, further comprising 
a collapsible shell connected ,o .he w,re and disposed substantial* distaMy of the 
filter. 


15- The filter assembly in accordance with claim 1, wherein the w.re 
extends distal ly of the filter. 

16- The filter assembly in accordance with claim 15, further 
comprising a spring tip at the distal end of the wire. 

17- The filter assembly in accordance with claim 1, wherein the 
elongate shaft includes at least one releasab.e coupling for coupling a distal 
portion of the shaft to a proximal portion of the shaft. 

18- The filter assembly in accordance with claim 17, wherein the 
coupling includes a bayonet fastener. 

19. The filter assembly in accordance with claim 17, wherein the 
coupling includes a threaded fastener. 
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20. The filter assembly in accordance with claim 1, wherein the 
elongate shaft includes a longitudinally collapsible member. 

21. The filter assembly in accordance with claim 20, wherein the 
longitudinally collapsible member includes a braid. 

22. The filter assembly in accordance with claim 1, wherein the 
catheter is a filter retrievable catheter. 

23. The filter assembly in accordance with claim 1, wherein the 
catheter is a filter delivery catheter. 

24. A guidewire assembly, comprising: 

an elongate guidewire having a proximal end and a distal end; and 
a filter disposed at the distal end of the wire, the filter including an 
expandable frame and a filter membrane. 

25. The guidewire assembly in accordance with claim 24. wherein the 
wire extends distally of the filter. 

26. The guidewire assembly in accordance with claim 25, further 
comprising a spring tip at the distal end of the wire. 


27 


WO 00/49970 

PCT/US00/04975 

27. The guidewire maM> jn ^ ^ ^ ^ ^ 

frame includes a NiTi alloy. 


28. The guidewire a ssembly jn accordance ^ ^ ^ ^ 
membrane surrounds a portion of the wire. 

29. The guidewire assembly in aceordanee with daim 24, wherein the 
filter membrane portion of the filter tapers distally. 

30- The guidewire assembly in aceordanee with daim 24, wherein the 
membrane includes polyurethane. 

31- The guidewire assembly in accordance with claim 24. wherein the 
membrane defines a plurality of-apertures. 

32. A method of retrieving and deploying an intravascular filter, 
comprising the steps of: 

providing a eatheter having an eiongate shaft bav,„g a distal end and a 

disposed on an elongate wire; 

placing the filter in the housin*- 

advancing the filter and housing to a treatment she; 

removing the filter from the housing 
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replacing the filter in the housing; and 

withdrawing the filter and housing from the treatment site. 
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33. A method in accordance with claim 32, wherein the filter is placed 
in the housing by moving the housing distally to capture the filter. 
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